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A B S T R A C T  
A  s e a - g o i n g  w o r k s h o p  w a s  a r r a n g e d  f r o m  2  t o  1 3  J u n e  1 9 9 3  i n  S t o r f j o r d e n  a t  
M 0 r e  o n  t h e  w e s t  c o a s t  o f  N o r w a y .  T h e  w o r k s h o p  w a s  a  t w o - s h i p  o p e r a t i o n  
i n v o l v i n g  t h e  N o r w e g i a n  R / V  " J o h a n  H j o r t "  a n d  t h e  G e r m a n  R / V  " A . V .  
H u m b o l d t " .  T h e  p r i n c i p a l  o b j e c t i v e  w a s  t o  i n t e r c o m  p a r e ,  c h a r a c t e r i z e  a n d  
e v a l u a t e  t h e  p e r f o r m a n c e  o f  g e a r  a n d  t e c h n i q u e s  f o r  q u a n t i t a t i v e  d e s c r i p t i o n  o f  
z o o p l a n k t o n  d i s t r i b u t i o n ,  b i o m a s s  a n d  p r o d u c t i o n .  D u r i n g  t h e  l a s t  t w o  d a y s  o f  
t h e  c r u i s e ,  a  s e m i n a r  s e r i e s  o f  l e c t u r e s  w a s  p r e s e n t e d  w h i c h  h i g h l i g h t e d  v a r i o u s  
a s p e c t s  o f  t h e  s a m p l i n g  a n d  s a m p l e r s .  A  t o t a l  n u m b e r  o f  3 8  s c i e n t i s t s  a n d  
t e c h n i c i a n s  f r o m  C a n a d a ,  F r a n c e ,  G e r m a n y ,  I c e l a n d ,  N o r w a y ,  S p a i n ,  U n i t e d  
K i n g d o m  a n d  U S A  t o o k  p a r t  i n  t h e  w o r k s h o p  a n d /  o r  t h e  s e m i n a r .  A  w i d e  
r a n g e  o f  s a m p l i n g  g e a r s  a n d  i n s t r u m e n t s  w e r e  d e p l o y e d .  T h e s e  i n c l u d e d  
B I O N E S S ,  M O C N E S S  ( 1  a n d  1 0  m 2 ) ,  L H P R ,  C P R ,  G u l f  I l l ,  O p t i c a l  P l a n k t o n  
C o u n t e r ,  a n d  v a r i o u s  o t h e r  p l a n k t o n  n e t s  a n d  t r a w l s .  S a m p l e  t r e a t m e n t  u s u a l l y  
i n v o l v e d  s p l i t t i n g  t h e  s a m p l e s  i n  t w o  h a l v e s  f o r  d e t e r m i n a t i o n  o f  s i z e -
f r a c t i o n e d  d r y  w e i g h t  b i o m a s s  a n d  s p e c i e s  e n u m e r a t i o n ,  r e s p e c t i v e l y .  T h e  d r y  
w e i g h t  b i o m a s s  s a m p l e s  w e r e  w o r k e d  u p  d u r i n g  t h e  w o r k s h o p  a n d  w i l l  f o r m  
t h e  p r i n c i p a l  m a t e r i a l  f o r  t h e  g e a r  i n t e r c o m p a r i s o n .  A c o u s t i c a l  r e g i s t r a t i o n s  
w e r e  m a d e  w i t h  S i m r a d  E K S O O  e c c h o  s o u n d e r s  o p e r a t e d  a t  4  f r e q u e n c i e s  ( 1 8 ,  3 8 ,  
1 2 0 ,  a n d  2 0 0  k H z ) .  T h i s  r e p o r t  g i v e s  a  b r i e f  d e s c r i p t i o n  o f  t h e  w o r k  c a r r i e d  o u t  
d u r i n g  t h e  w o r k s h o p  a n d  a  f e w  p r e l i m i n a r y  r e s u l t s .  A  f u l l  r e p o r t  d e s c r i b i n g  t h e  
r e s u l t s  f r o m  t h e  w o r k s h o p  w i l l  b e  p r e p a r e d  a n d  r e v i e w e d  b y  t h e  S t u d y  G r o u p  o f  
Z o o p l a n k t o n  P r o d u c t i o n .  
I N T R O D U C T I O N  
T h i s  r e p o r t  s u m m a r i z e s  t h e  e v e n t s  a n d  a c c o m p l i s h m e n t s  a s s o c i a t e d  w i t h  t h e  
s e a - g o i n g  W o r k s h o p  a r r a n g e d  b y  t h e  I C E S  S t u d y  G r o u p  o f  Z o o p l a n k t o n  
P r o d u c t i o n .  T h e  w o r k s h o p  t o o k  p l a c e  d u r i n g  t h e  p e r i o d  2 - 1 3  J u n e  1 9 9 3  i n  
S t o r f j o r d e n  a t  M 0 r e  o n  t h e  w e s t  c o a s t  o f  N o r w a y  ( 6 2 . 4  ° N ,  0 6 . 4 5  ° E ) .  T h e  
r a t i o n a l e  f o r  t h i s  w o r k s h o p  w a s  p r o v i d e d  i n  t h e  " R e p o r t  o f  t h e  I C E S  S t u d y  
G r o u p  o n  Z o o p l a n k t o n  P r o d u c t i o n ,  B e r g e n ,  N o r w a y  - M a r c h  2 3 - 2 6 ,  1 9 9 2 " .  A  
m o r e  d e t a i l e d  p l a n  f o r  t h e  w o r k s h o p  w a s  d i s c u s s e d  a n d  d e s c r i b e d  i n  t h e  ' ' R e p o r t  
o f  t h e  2 n d  m e e t i n g  o f  t h e  I C E S  S t u d y  G r o u p  o n  Z o o p l a n k t o n  P r o d u c t i o n ,  L a s  
P a l m a s ,  C a n a r y  I s l a n d s ,  S p a i n ,  8 - 1 1  M a r c h  1 9 9 3 "  ( C . M .  1 9 9 3 / L : 1 1 ) .  G i v e n  t h a t  
G L O B E C  w i l l  b e  f o c u s s i n g  i t s  a t t e n t i o n  p r i m a r i l y  o n  t h e  p r o d u c t i o n  o f  m a r i n e  
z o o p l a n k t o n ,  t h e  s t u d y  g r o u p  f e l t  t h a t  t h e r e  s h o u l d  b e  a g r e e m e n t  o n  a p p r o a c h e s  
f o r  m e a s u r i n g  b i o m a s s  a n d  t u r n o v e r  r a t e s .  T h i s  i s  e s p e c i a l l y  i m p o r t a n t  b e c a u s e  
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o f  t h e  n e w  s a m p l i n g  t e c h n o l o g y  a n d  e x p e r i m e n t a l  a p p r o a c h e s  n o w  b e i n g  
a p p l i e d  o r  u n d e r  d e v e l o p m e n t .  
T h e  w o r k s h o p  w a s  a  t w o - s h i p  o p e r a t i o n  i n v o l v i n g  t h e  N o r w e g i a n  R / V  " J o h a n  
H j o r t "  a n d  t h e  G e r m a n  R / V  " A . V .  H u m b o l d t " .  T h e  c r u i s e  g o a l s  w e r e  t o  
p r o v i d e  a  b a s i s  f o r  e v a l u a t i n g  t h e  p e r f o r m a n c e  o f  a  v a r i e t y  o f  m e t h o d s  a n d  t o  
e x p l o r e  c o m b i n a t i o n s  o f  i n s t r u m e n t s  a n d  d e p l o y m e n t  s t r a t e g i e s  t h a t  c a n  m o s t  
e f f e c t i v e l y  p r o v i d e  s p a t i a l  a n d  t e m p o r a l  d a t a  o n  z o o p l a n k t o n  p o p u l a t i o n s .  
D u r i n g  t h e  l a s t  t w o  d a y s  o f  t h e  c r u i s e ,  a  s e m i n a r  s e r i e s  o f  l e c t u r e s  w a s  p r e s e n t e d  
w h i c h  h i g h l i g h t e d  v a r i o u s  a s p e c t s  o f  t h e  s a m p l i n g  a n d  s a m p l e r s .  
P A R T I C I P A N T S  
A  t o t a l  n u m b e r  o f  3 8  s c i e n t i s t s  o r  t e c h n i c i a n s  p a r t i c i p a t e d  i n  p a r t  o r  t h e  w h o l e  o f  
t h e  w o r k s h o p .  T h e  p a r t c i p a n t s  w e r e  f r o m  C a n a d a ,  F r a n c e ,  G e r m a n y ,  I c e l a n d ,  
N o r w a y ,  S p a i n ,  U n i t e d  K i n g d o m ,  a n d  U S A  ( T a b l e  1 ) .  
T H E  S I T E  
S t o r f j o r d e n  i s  a  l o n g  a n d  d e e p  f j o r d  l o c a t e d  a t  M e r e  o n  t h e  w e s t  c o a s t  o f  N o r w a y  
( F i g .  1 ) .  I t  w a s  c h o s e n  a s  t h e  s i t e  o f  t h e  w o r k s h o p  d u e  t o  i t s  p r o x i m i t y  t o  t h e  
N o r w e g i a n  S e a  a n d  t h e  s i m i l a r i t y  i n  f a u n a ,  a n d  b e c a u s e  t h e r e  e x i s t e d  a  f a i r  
a m o u n t  o f  b a c k g r o u n d  i n f o r m a t i o n  o n  t h i s  f j o r d  f r o m  p r e v i o u s  i n v e s t i g a t i o n s .  
S t o r f j o r d e n ,  l i k e  m o s t  N o r w e g i a n  f j o r d s ,  i s  w e l l  p r o t e c t e d  f r o m  w i n d s ,  a n d  s e a s  
r e m a i n e d  f l a t  f o r  t h e  d u r a t i o n  o f  t h e  c r u i s e .  T h i s  m a d e  h a n d l i n g  o f  g e a r  o v e r  
t h e  s i d e  a n d  s t e r n  o f  t h e  v e s s e l s  r e l a t i v e l y  e a s y .  
A  5  n m  l o n g  s a m p l i n g  t r a n s e c t  w a s  c h o s e n  i n  t h e  o u t e r  p a r t  o f  S t o r f j o r d e n  
w h e r e  t h e  b o t t o m  d e p t h  w a s  a b o u t  4 0 0  m  ( F i g .  1 ) .  T h e  m a j o r i t y  o f  w o r k  w a s  
c a r r i e d  o u t  a l o n g  t h i s  t r a n s e c t .  R V  " G .  0 .  S a r s "  w o r k e d  t h i s  s e c t i o n  r e p e a t e d l y  
a b o u t  6 5  t i m e s  w h i l e  d o i n g  a c o u s t i c a l  r e c o r d i n g s  a t  4  f r e q u e n c i e s  a n d  t o w i n g  
v a r i o u s  s a m p l i n g  g e a r s .  R V  " A .  v .  H u m b o l d t "  a l s o  w o r k e d  t h i s  s e c t i o n  
r e p e a t e d l y  t o w i n g  s a m p l i n g  g e a r s ,  a n d  i n  a d d i t i o n  o c c u p i e d  s t a t i o n s  a l o n g  t h e  
s e c t i o n  d o i n g  v e r t i c a l  p r o f i l i n g  a n d  s a m p l i n g .  
A  n u m b e r  o f  C T D - 0 2 - F l u o r e s c e n c e  p r o f i l e s  w e r e  m a d e  t o  t h e  b o t t o m  o f  t h e  
f j o r d .  S u r f a c e  t e m p e r a t u r e s  v a r i e d  f r o m  1 0  t o  1 2 ° C  a n d  d e c l i n e d  t o  a b o u t  8 ° C b y  
2 0  m .  T h e  i n t e r i o r  w a t e r s  o f  t h e  f j o r d ,  f r o m  a b o u t  3 0  m  t o  t h e  b o t t o m ,  h a d  
t e m p e r a t u r e s  a r o u n d  7 . 5 ° C .  
A  b r o a d  s u b s u r f a c e  c h l o r o p h y l l  m a x i m u m  o c c u r r e d  b e t w e e n  1 0  m  a n d  3 5  t o  4 0  
m ,  i . e .  i n  a n d  b e l o w  t h e  p y c n o c l i n e  a n d  l a r g e l y  b e l o w  t h e  1 %  l i g h t  l e v e l  ( F i g .  2 ) .  
T h e  c h l o r o p h y l l  m a x i m u m  o f t e n  s h o w e d  t w o  p e a k s  a t  a p p r o x i m a t e l y  1 5  m  a n d  
3 0  m .  T h e s e  m a x i m a  w e r e  v a r i a b l e  b o t h  i n  t h e  m a g n i t u d e  a n d  p l a c e m e n t  o f  t h e  
p e a k  v a l u e s .  O n  s o m e  o c c a s i o n s  b o t h  p e a k s  o c c u r r e d ,  a n d  o n  o t h e r s ,  o n e  o r  t h e  
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other peak dominated the profile. 
The diel cycle of light (measured at the surface) was used to define dawn (0330- · 
0529), daytime (0530-2029), dusk (2030-2229) and nighttime (2230-0329) periods. 
Information on the species composition of the zooplankton community in 
Storfjorden was gained by examination of some of the samples under a stereo 
microscope during the course of the workshop. In most of the near surface 
samples the cladoceran Evadne nordmanni was by far the most abundant 
species followed by the copepod Temora longicornis. Eggs of the mesopelagic 
fish Maurolicus muelleri were abundant. Also occurring frequently were 
various jellyfish and ctenophores. At greater depths (generally below 200 m), the 
copepods Calanus finmarchicus (mainly stages IV-VI), Metridia lucens, 
Pseudaetideus armatus, and Euchaeta norvegica were the most numerous 
species. At these depths, the krill Meganyctiphanes norvegica, and various 
species of shrimps (Pasiphea sp. and Sergestes arcticus) also were caught. 
The species composition was not as hoped when the workshop was planned. It 
was expected that Calanus finmarchicus and krill, both Meganyctiphanes 
norvegica and Thysanoessa spp., would have been more abundant and 
dominant in the zooplankton community of the upper layer. These forms were 
present mainly in the deeper layer and in fairly low densities. 
A dominant feature in the acoustic records and in the trawl collections from 
daytime depths of 150 to 200 m and at night in the upper 100 m, was the 
midwater fish, Maurolicus muelleri. Very few individuals of other species of 
similar size (e.g. Meganyctiphanes norvegica, Pasiphea spp.) eo-occurred in the 
trawl samples with this species when it was at the daytime depths. The acoustic 
records showed high backscattering volume in the upper 30 m and low 
backscattering between 50 and 100 m during daytime (Fig. 3). This provided a 
situation with marked vertical structure and a large span of values for the 
comparison between acoustic records and sampled biomass and species 
abundance. 
THE GEAR 
Inspite of funding difficulties expressed by most of the non-Norwegian 
participants, an impressive set of instruments and samplers were assembled and 
deployed. The following is a list of the systems used one or more times. 
Net systems: 
*1-m2 MOCNESS 
* 10-m2 MOCNESS 
* 1-m2 BIONESS 
* MIK (Methot Isaac-Kid d) 
*IKMT 
P u m p s :  
A c o u s t i c s :  
*  M U L T I N E T  
* B o n g o  n e t s  
*  W P - 2  n e t  
* L H P R  
*  C P R  ( C o n t i n u o u s  P l a n k t o n  R e c o r d e r )  
* G u l f  I I I / O P C  
*  Y o u n g - f i s h  t r a w l  ( 1 0 * 1 0  m )  
*  P e l a g i c  f i s h  t r a w l  ( H a r s t a d - t r a w l )  
*  H u f s a  p u m p  
*  E K 5 0 0 ,  h u l l - m o u n t e d ,  w i t h  t r a n s d u c e r s  o p e r a t i n g  a t  1 8 ,  3 8 ,  1 2 0 ,  
a n d  2 0 0 k H z .  T h e  f i r s t  t h r e e  w e r e  s p l i t  b e a m  
t r a n s d u c e r s .  
*  E K S O O ,  t o w e d  b o d y  d e p l o y e d  f r o m  c e n t e r - w e l l  o n  R V  J o h a n  H j o r t ,  
w i t h  a  3 8  k H z  s p l i t  b e a m  t r a n s d u c e r .  
*  A D C P  o p e r a t i n g  a t  1 5 0  k H z .  
*  S i m r a d  s e c t o r  s c a n n i n g  s o n a r  o p e r a t i n g  a t  2  M H z  ( M e s o t e c h )  
* P o r t a b l e  E K  5 0 0  o p e r a t e d  w i t h  a  1 2 0  k H z  s p l i t  b e a m  t r a n s d u c e r .  
O t h e r  s a m p l i n g  s y s t e m s :  
* I n  s i t u  c a m e r a  s y s t e m  
*  O P C  ( O p t i c a l  P l a n k t o n  C o u n t e r )  
*  C T D  / R o s s e t t e  
*  L i g h t  p r o f i l i n g  g e a r  ( s p e c t r a l  r a d i o m e t e r )  
* C o n t i n u o u s  s u r f a c e  i r r a d i e n c e  m e t e r  
5  
T h e  R V  " J o h a n  H j o r t "  d e p l o y e d  t h e  l a r g e  t r a w l s  ( p e l a g i c  f i s h  a n d  y o u n g  f i s h  
t r a w l s ,  M I K ) ,  m u l t i p l e  n e t  s y s t e m s  ( B I O N E S S ,  1 - m 2  a n d  1 0 - m 2  M O C N E S S ' s ) ,  
a n d  t h e  H u f s a  p u m p ,  m a d e  C T D  a n d  l i g h t  p r o f i l e s  w i t h  a  s p e c t r a l  r a d i o m e t e r ,  
m a d e  m u l t i - f r e q u e n c y  a c o u s t i c  r e c o r d i n g s ,  a n d  m a d e  c o n t i n u o u s  s u r f a c e  l i g h t  
m e a s u r e m e n t s .  
T h e  R V  " A . v .  H u m b o l d t "  d e p l o y e d  p l a n k t o n  n e t  s y s t e m s  ( W P - 2 ,  M U L T I N E T T ,  
L H P R ,  G u l f  I l l ,  a n d  I K M T ) ,  m a d e  o p t i c a l  m e a s u r e m e n t s  w i t h  a n  O P C  ( d e p l o y e d  
o n  b o t h  t h e  G u l f  I l l  a n d  L H P R ) ,  a n d  c o n d u c t e d  z o o p l a n k t o n  a n d  p h y t o p l a n k t o n  
r a t e  m e a s u r e m e n t s .  
T H E  S T R A T E G Y  O F  S A M P L I N G  A N D  I N T E R C O M P A R I S O N  
A  t r a n s e c t  o f  5  n a u t i c a l  m i l e s  a l o n g  t h e  m i d - l i n e  o f  t h e  S t o r f j o r d e n  ( 6 2 °  2 3 . 8 '  N ,  
0 6 °  2 0 . 0 '  E - 6 2 °  2 5 . 1 '  N ,  0 6 o  3 0 . 5 '  E )  w a s  s e l e c t e d  a s  t h e  s i t e  f o r  i n t e r c o m p a r i s o n  o f  
t h e  a c o u s t i c a l  s y s t e m  ( 4  f r e q u e n c i e s )  a n d  t h e  n e t  s y s t e m s .  E s s e n t i a l l y  a l l  o f  t h e  
s a m p l i n g  f o r  t h e  i n t e r c o m p a r i s o n  s t u d y  w a s  d o n e  a l o n g  t h i s  5  n . m  t r a n s e c t .  T h e  
s e q u e n c e  o f  d e p l o y i n g  t h e  n e t s  a n d  o t h e r  i n s t r u m e n t s  w a s  d e s i g n e d  t o  p r o v i d e  
i n f o r m a t i o n  r e l a t i n g  t o  t h e  o b j e c t i v e s  o f :  
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*  I n t e r c o m p a r i n g  t h e  v a r i o u s  n e t  s y s t e m s ,  e s p e c i a l l y  t h e  m u l t i p l e  
n e t  a n d  c o d - e n d  s a m p l i n g  s y s t e m s .  
* E x a m i n i n g  t h e  e f f e c t s  o f  a v o i d a n c e  o n  t h e  v a r i o u s  s y s t e m s .  
*  C o m p a r i n g  t h e  a c o u s t i c a l  d a t a  w i t h  t h e  n e t  t o w  s a m p l e s  b o t h  w i t h  
r e s p e c t  t o  t o t a l  b i o m a s s  a n d  s i z e  f r e q u e n c y  a p p o r t i o n e d  b i o m a s s .  
T h e  i n i t i a l  s e t  o f  o b l i q u e  i n t e r c o m p a r i s o n  t o w s  w e r e  d e s i g n e d  t o  p r o v i d e  
i n f o r m a t i o n  a b o u t  t h e  v e r t i c a l  s t r u c t u r e  o f  t h e  p l a n k t o n  a n d  n e k t o n  s p e c i e s  i n  
t h e  f j o r d  i n  r e l a t i o n  t o  t h e  l i g h t  r e g i m e  a n d  v e r t i c a l  t e m p e r a t u r e  a n d  s a l i n i t y  
s t r u c t u r e  o f  t h e  w a t e r  c o l u m n .  B a s e d  o n  t h i s  i n f o r m a t i o n ,  s e l e c t e d  d e p t h s  w e r e  
h o r i z o n t a l l y  s a m p l e d  s e q u e n t i a l l y  w i t h  m u l t i p l e  n e t  s y s t e m s .  I n  a d d i t i o n ,  t h e  
t r a w l s  w e r e  u s e d  t o  s a m p l e  t h e  l a r g e r  n e k t o n  t h a t  i n h a b i t e d  t h e  l a y e r s  t o  s e e  t h e  
e x t e n t  t o  w h i c h  t h e s e  a n i m a l s  w e r e  a v o i d i n g  t h e  s m a l l e r  n e t  s y s t e m s .  T h e  1 - m 2  
M O C N E S S  w a s  u s e d  i n  a  2 4  h o u r  s t u d y  c o m p a r i n g  t h e  a c o u s t i c  r e g i s t r a t i o n s  a t  
a l l  f o u r  f r e q u e n c i e s  a n d  t h e  b i o m a s s  o f  p l a n k t o n  i n  t h e  u p p e r  1 0 0  m .  
A  s e c o n d  m o r e  e x t e n d e d  c o m p a r i s o n  o f  t h e  m u l t i p l e  n e t  s y s t e m s  w a s  d o n e  
m a k i n g  r e p e a t e d  o b l i q u e  t o w s  f r o m  3 7 5  m  ( o n e  2 5  m  i n t e r v a l ,  s e v e n  5 0  m  
i n t e r v a l s )  t o  t h e  s u r f a c e  o v e r  a  3 6  h o u r  p e r i o d .  T h i s  i n t e r c o m p a r i s o n  a l s o  
i n c l u d e d  L H P R  w i t h  t h e  O p t i c a l  P l a n k t o n  C o u n t e r  ( O P C )  m o u n t e d  t o  t h e  L H P R  
f r a m e .  
T h e r e  w e r e  s e v e r a l  s p e c i a l i z e d  e x p e r i m e n t s .  O n e  i n v o l v e d  d e p l o y i n g  t h e  1 - m 2  
M O C N E S S  w i t h  t h e  s e c t o r  s c a n n i n g  s o n a r  m o u n t e d  s o  t h a t  t h e  t r a n s d u c e r  c o u l d  
s c a n  t h e  n e t  m o u t h  a n d  a r e a s  t o  t h e  s i d e  o f  t h e  n e t .  T h e  d e p l o y m e n t  w a s  
d e s i g n e d  t o  t e s t  t h e  f e a s i b i l i t y  o f  u s i n g  t h i s  s o n a r  t o  l o o k  f o r  a n d  q u a n t i f y  t h e  
e f f e c t s  o f  a v o i d a n c e .  
A  s e c o n d  e x p e r i m e n t  i n v o l v e d  d e p l o y i n g  t h e  t o w e d  b o d y  w i t h  t h e  3 8 k H z  s p l i t -
b e a m  t r a n s d u c e r  a t  a  s e r i e s  o f  d e p t h s  t o  c o m p a r e  t h e  a c o u s t i c  r e g i s t r a t i o n s  w i t h  
t h o s e  o b t a i n e d  f r o m  t h e  h u l l  m o u n t e d  3 8  k H z  s y s t e m .  T h e  s p e c i f i c  o b j e c t i v e  
w a s  t o  l o o k  a t  c h a n g e s  i n  e c h o  i n t e g r a t i o n  v a l u e s  a n d  T S  d i s t r i b u t i o n  a t  g i v e n  
d e p t h s  a s  t h e  t r a n s d u c e r  w a s  t o w e d  d e e p e r  i n  t h e  w a t e r  c o l u m n  ( 1 2 5 ,  1 5 0  a n d  
2 0 0  m )  a n d  c l o s e r  t o  t h e  l a y e r  o f  M i i e l l e r s  p e a r l s i d e .  
E x p e r i m e n t s  w i t h  a n i m a l s  c a p t u r e d  i n  t h e  n e t  h a u l s  i n v o l v e d  m e a s u r i n g  t h e i r  
s o u n d  s p e e d  a n d  t a r g e t  s t r e n g t h  ( u s i n g  t h e  p o r t a b l e  1 2 0 k H z  u n i t ) .  
A  l o n g  t r a n s e c t  i n t o  t h e  h e a d  o f  t h e  f j o r d  w a s  m a d e  o n  1 2  J u n e .  T h e  C P R  w a s  
d e p l o y e d  d u r i n g  t h i s  t r a n s e c t  a n d  s a m p l e s  w e r e  t a k e n  w i t h  M O C N ' E S S  a t  
s e l e c t e d  s t a t i o n s  f o r  c o m p a r i s o n .  
S A M P L E  T R E A T M E N T  
A  s t a n d a r d  s e t  o f  p r o c e d u r e s  t o  p r o c e s s  t h e  p l a n k t o n  s a m p l e s  w e r e  u s e d  f o r  
m o s t  o f  t h e  s a m p l e s  t h r o u g h o u t  t h e  c r u i s e  o n  b o t h  s h i p s .  T h e s e  p r o c e d u r e s  a r e  
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d e v e l o p e d  a n d  u s e d  r o u t i n e l y  a t  t h e  I n s t i t u t e  o f  M a r i n e  R e s e a r c h  i n  B e r g e n .  O n  
d e c k ,  n e t s  w e r e  w a s h e d  a n d  t h e  c o d - e n d  b u c k e t s  t h e n  t a k e n  i n t o  t h e  s h i p s  
l a b o r a t o r y .  T h e  s a m p l e s  w e r e  i n i t i a l l y  d i v i d e d  i n t o  t w o  f r a c t i o n s ,  o n e  f o r  
f o r m a l i n  p r e s e r v a t i o n  a n d  l a t e r  s p e c i e s  i d e n t i f i c a t i o n ,  a n d  t h e  s e c o n d  o n e  f o r  
d r y  w e i g h t  m e a s u r e m e n t s .  T h e  s a m p l e  u s e d  f o r  d r y  w e i g h i n g  w a s  s e p a r a t e d  
i n t o  3  s i z e  f r a c t i o n s .  I n d i v i d u a l  e u p h a u s i i d s ,  s h r i m p s ,  a n d  f i s h  w e r e  r e m o v e d  
f r o m  t h e  d r y  w e i g h t  f r a c t i o n ,  a n d  t h e n  t h e  r e s t  o f  t h e  s a m p l e  w a s  s i e v e d  i n t o  3  
s i z e  f r a c t i o n s  ( 1 8 0 - 1 0 0 0 J l m ,  1 0 0 0 - 2 0 0 0 J l m  a n d  > 2 0 0 0 J l m ) .  F o r  d r y  w e i g h i n g ,  t h e  
a n i m a l s  w e r e  t h e n  p l a c e d  o n  p r e - w e i g h e d  a l u m i n u m  t r a y s  a n d  f r o z e n .  
P e r i o d i c a l l y  d u r i n g  t h e  c o u r s e  o f  t h e  w o r k s h o p ,  t h e  s a m p l e s  w e r e  p i c k e d  u p  b y  a  
c h a r t e r e d  b o a t  a n d  t a k e n  t o  a  l a b o r a t o r y  l o c a t e d  i n  a  n e a r b y  t e c h n i c a l  i n s t i t u t e  
w h e r e  t h e y  w e r e  d r i e d  a n d  w e i g h t e d .  
T h e  d r y  w e i g h t  w a s  a l s o  d e t e r m i n e d  f o r  t h e  s o r t e d  g r o u p s  o f  e u p h a u s i d s ,  
s h r i m p s  a n d  f i s h .  D u r i n g  t h e  l a t t e r  p a r t  o f  t h e  w o r k s h o p ,  i n  a d d i t i o n  t o  t h e  
t r e a t m e n t  a b o v e ,  t h e s e  g r o u p s  w e r e  c o u n t e d  a n d  l e n g t h  m e a s u r e d .  
P r o c e s s i n g  o f  t h e  L H P R  s a m p l e s  w e r e  d o n e  f o l l o w i n g  d i f f e r e n t  p r o c e d u r e s .  
S e v e n  h a u l s  w e r e  c o m p l e t e d  t a k e n  a  t o t a l  o f  1 7 5  s a m p l e s .  S a m p l e s  f o r  s p e c i e s  
i d e n t i f i c a t i o n  a n d  s i z e  m e a s u r e m e n t s  w e r e  p r e s e r v e d  i n  f o r m a l i n  f r o m  h a u l s  1 ,  
2 ,  3 ,  4  a n d  7 ,  w i t h  t h e  m o s t  c o m p l e t e  s e t  b e i n g  t a k e n  o n  t h e  l a t e r  t w o .  h a u l s .  A  
f a u l t  i n  t h e  f l o w m e t e r  p i c k - u p  i n v a l i d a t e d  t h e  c o a r s e  m e s h  f l o w  d a t a  o n  h a u l s  1  
a n d  2 ;  t a x o n o m i c  a n d  s i z e  a n a l y s i s  w i l l  s t i l l  b e  c a r r i e d  o u t  o n  t h e s e  s a m p l e s  f o r  
c o m p a r i s o n  w i t h  O P C  d a t a .  A  s e r i e s  o f  5 3  J l m  f i n e  m e s h  s a m p l e s  w e r e  t a k e n  o n  
h a u l 1  t o g e t h e r  w i t h  t h e  2 0 0  J l m  c o a r s e  m e s h  s a m p l e s ;  t h e s e  f i n e  m e s h  s a m p l e s  
w i l l  b e  a n a l y z e d  f o r  t h e  v e r t i c a l  d i s t r i b u t i o n  o f  n a u p l i i  a n d  c o p e p o d i t e  s t a g e s  o f  
c o p e p o d s  a n d  o t h e r  m i c r o p l a n k t o n .  H o w e v e r ,  d u e  t o  a  r e e d  s w i t c h  f a i l u r e  o f  t h e  
c o a r s e  m e s h  s y s t e m  o n  h a u l  1  t h e  s e p a r a t e  s a m p l e s  c o u l d  n o t  b e  d i s c r i m i n a t e d  
a n d  w e r e  t h u s  b u l k e d  t o  g i v e  a  s i n g l e  i n t e g r a t e d  s a m p l e  f o r  t h e  t o w .  F o r  
s u b s e q u e n t  h a u l s  o n l y  t h e  2 0 0  J l m  c o a r s e  m e s h  s y s t e m  w a s  u s e d ,  t h e  f a i l e d  r e e d  
s w i t c h  h a v i n g  b e e n  r e p l a c e d  w i t h  t h e  o n e  f r o m  t h e  5 3  J l m  s y s t e m .  
W h i l e  t h e  r e s u l t s  f r o m  t h e  t a x o n o m i c  a n a l y s i s ,  s t a n d a r d i z e d  a s  s p e c i e s  
a b u n d a n c e  p e r  u n i t  v o l u m e  f i l t e r e d ,  w i l l  b e  u s e d  f o r  c o m p a r i s o n s  w i t h  t h e  
c a t c h e s  o f  t h e  c o n c u r r e n t  M O C N E S S  a n d  B I O N E S S  h a u l s ,  t h e  m o s t  i m m e d i a t e  
c o m p a r i s o n  w i l l  b e  f r o m  s i z e  f r a c t i o n a t e d  b i o m a s s  e s t i m a t e s  f r o m  t h e  s a m p l e s  
t a k e n  o n  L H P R  h a u l  6 .  I n  t h e  s h o r t  t i m e  a v a i l a b l e ,  a l l o w i n g  s e v e r a l  h o u r s  a f t e r  
a n  L H P R  t o w  f o r  h a n d l i n g  t y p i c a l l y  o v e r  9 0  s i z e  f r a c t i o n a t e d  s a m p l e s  f r o m  a  
s i n g l e  h a u l ,  t h e r e  w a s  i n s u f f i c i e n t  t i m e  f o r  a n y  f u r t h e r  h a u l s  o n  b i o m a s s .  H a u l  6  
w a s  u s e d  f o r  s i z e  f r a c t i o n a t e d  e n z y m e  s t u d i e s .  
C a t c h e s  o f  t h e  M I K - t r a w l  a n d  f i s h  t r a w l s  w e r e  s o r t e d  t o  s p e c i e s  o r  g r o u p s  a n d  
t h e i r  w e t  w e i g h t  o r  v o l u m e  w e r e  d e t e r m i n e d  f o r  s u b s a m p l e s  o r  t h e  t o t a l  c a t c h .  
F o r  f i s h  l e n g t h  m e a s u r e m e n t s  w e r e  a l s o  t a k e n .  
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P R O C E S S I N G  O F  E K  5 0 0  D A T A  
T h e  E K 5 0 0  S i m r a d  e c h o  s o u n d e r  o p e r a t i n g  w i t h  4  f r e q u e n c i e s ,  1 8 ,  3 8 ,  1 2 0 ,  a n d  
2 0 0  k H z ,  w a s  u s e d  w i t h  t h e  B e r g e n  E c h o  I n t e g r a t o r  s o f t w a r e  t o  p r o d u c e  e c h o  
s o u n d i n g  i m a g e s  a n d  t a r g e t  s t r e n g t h  h i s t o g r a m s .  T h e s e  p r o v i d e d  a n  i n d i c a t i o n  
o f  t h e  v e r t i c a l  d i s t r i b u t i o n  o f  t h e  p l a n k t o n  a n d  w e r e  u s e d  t o  g u i d e  t h e  n e t  
s a m p l i n g .  
A l l  " r a w "  E K 5 0 0  p i n g  d a t a  a r e  r e c o r d e d  a n d  u l t i m a t e l y  s t o r e d  o n  t a p e .  D u r i n g  
t h e  w o r k s h o p  c r u i s e  s e v e r a l  g i g a b y t e s  o f  d a t a  w e r e  a c q u i r e d .  T h e s e  d a t a  a r e  
p r o c e s s e d  i n  r e a l - t i m e  u s i n g  t h e  B e r g e n  E c h o  I n t e g r a t o r  ( B E l )  s o f t w a r e  a n d  
e n t e r e d  i n t o  a  d a t a b a s e  s y s t e m  w h i c h  f o r m s  t h e  b a c k b o n e  f o r  a l l  s u b s e q u e n t  
r e p o r t i n g ,  p l o t t i n g  a n d  f u r t h e r  p r o c e s s i n g .  A  d i f f i c u l t y  n o t e d  d u r i n g  t h e  
w o r k s h o p  i n v o l v e d  t h e  r e p o r t i n g  o f  t h e  e c h o  i n t e g r a t i o n  d a t a  w h i c h  w e r e  g i v e n  
t o  t h e  n e a r e s t  u n i t  o f  1  m 2  I  n m 2  w h e n  i n  f a c t  t h e r e  s h o u l d  h a v e  b e e n  g o o d  d a t a  
t o  1 0 - 5  m 2 l n m 2 .  T h e  l o w e r  v o l u m e  b a c k s c a t t e r i n g  l e v e l s  a r e  t y p i c a l  o f  
z o o p l a n k t o n ,  b u t  i g n o r e d  b y  t h e  B E l  s y s t e m  b e c a u s e  o f  t h e  e m p h a s i s  o n  f i s h .  
P a r t  o f  t h e  p r o b l e m  w a s  d u e  t o  a  t h r e s h o l d  o f  0 . 0 1  m 2  I  n m 2  f o r  d a t a  e n t e r i n g  t h e  
d a t a b a s e .  T h i s  w a s  c h a n g e d  b y  t h e  e n d  o f  t h e  c r u i s e ,  b u t  o n l y  t h e  l a s t  d a y s  d a t a  
w e r e  s t o r e d  i n  t h e  d a t a b a s e  w i t h  t h e  l o w e r  t h r e s h o l d i n g .  D a t a  f o r  t h e  f i r s t  p a r t  
o f  t h e  w o r k s h o p  m u s t  b e  r e - e n t e r e d  a s  r a w  d a t a  a n d  p r o c e s s e d  i n t o  t h e  d a t a  b a s e  
w i t h  t h e  l o w e r  t h r e s h o l d i n g .  T h i s  c o u l d  n o t  b e  a c c o m p l i s h e d  b e f o r e  t h e  e n d  o f  
t h e  c r u i s e .  
A  s e c o n d  p r o b l e m  i n v o l v e d  t h e  p r o c e d u r e  f o r  s t o r i n g  d a t a  i n  t h e  d a t a b a s e .  T h e  
s t a n d a r d  p r a c t i c e  i s  t o  l e t  t h e  s h i p s  l o g  d e t e r m i n e  t h e  r a t e  o f  e n t e r i n g  d a t a  t o  t h e  
d a t a  b a s e .  O n  t h i s  c r u i s e ,  t h e  i n t e r v a l  w a s  s e t  t o  0 . 1  n m .  T h e  d i f f i c u l t y  w i t h  t h i s  
a p p r o a c h  f o r  o u r  s t u d y  w a s  t h a t  o f t e n  t h e  s h i p  w a s  n o t  m o v i n g  a n d  d a t a  w e r e  
n o t  r e c o r d e d  f o r  t h o s e  t i m e  i n t e r v a l s ,  o r  t h e  s h i p  w a s  m o v i n g  s l o w l y  e n o u g h  s o  
t h a t  s h i p  d r i f t  d u e  t o  w i n d  o r  c u r r e n t  a d d e d  o r  s u b t r a c t e d  f r o m  t h e  l o g g e d  
d i s t a n c e .  I n  t h e  l a t t e r  c a s e ,  e s t i m a t e s  o f  e c h o  i n t e g r a t e d  b i o m a s s  w i l l  b e  
o v e r e s t i m a t e d  o r  u n d e r e s t i m a t e d  i n  p r o p o r t i o n  t o  t h e  a d d e d  o r  s u b t r a c t e d  
d i s t a n c e .  T h i s  r e q u i r e s  a  c o r r e c t i o n  t o  s o m e  o f  t h e  d a t a  p r i o r  t o  c o m p a r i s o n  
w i t h  n e t  s a m p l e d  b i o m a s s .  T h e  r e c o r d i n g  o f  d a t a  i n  s p a c e  u n i t s  r a t h e r  t h a n  t i m e  
u n i t s  c o m p l i c a t e s  t h e  c o m p a r i s o n  b e t w e e n  a c o u s t i c  r e c o r d s  a n d  n e t  s a m p l e s  
s i n c e  t h e  n e t s  w e r e  n o t  o p e n e d  o r  c l o s e d  a t  l o c a t i o n s  t h a t  e x a c t l y  c o i n c i d e d  w i t h  
t h e  b e g i n n i n g  o r  e n d  o f  a n  a c o u s t i c  s p a c e  i n t e r v a l .  
P R E L I M I N A R Y  R E S U L T S  F R O M  B I O N E S S / M O C N E S S  I N T E R  C O M P A R I S O N S  
T h e  v e r t i c a l  d i s t r i b u t i o n  o f  b i o m a s s  a s  o b t a i n e d  w i t h  1 - m 2  M O C N E S S  r e v e a l e d  
a  m a x i m u m  i n  t h e  u p p e r  1 2 . 5  m ,  w i t h  v a l u e s  d e c r e a s i n g  w i t h  i n c r e a s i n g  d e p t h  
t o  v e r y  l o w  b i o m a s s  v a l u e s  b e t w e e n  7 5  a n d  1 0 0  m  ( F i g .  4 ) .  M o s t  o f  t h e  b i o m a s s  
i n  t h e  u p p e r  l a y e r s  w e r e  m a d e  u p  o f  o r g a n i s m s  i n  t h e  <  1  m m  s i z e  f r a c t i o n ,  
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predominantly the cladoceran Evadne nordmanni. The biomass in the 1-2 mm 
and > 2 mm size fractions were much lower than for the smallest size fractions. 
Fig. 4 shows the variabality based on 6 subsequent MOCNESS hauls made 
during daytime on 6 June. The coefficient of variation (standard 
deviation/mean* 100%) ranged from 27 to 103% for the total biomass and from 
28 to 118 % for the < 1 mm size fraction. The variability was in general larger for 
the two largest size fractions, with CV values typically about 100 %. 
An initial start at making comparisons of the data from various net systems and 
data from the acoustical systems has been made by assembling the dry weight 
data sets for the BIONESS and MOCNESS. A comparison was made of the catch 
of the BIONESS and the MOCNESS from paired depth specific sample intervals. 
There were six comparisons in which a relatively complete sample series was 
obtained by both systems, i.e. with one or no missing samples from either 
system. They were paired on the basis of time and sampling strategy. Four 
comparisons were between the BIONESS with 333 Jlm mesh nets and the 
MOCNESS with 180 Jlm mesh nets; for two comparisons both systems had nets 
with 333 Jlm mesh nets. 
These initial comparisons revealed some consistent trends. Prior to more rigid 
statistical treatment of the data and further sample analyses, some preliminary 
conclusions can be drawn from these intercomparisons: 
· (1) There was clearly a higher catch by MOCNESS when 180 Jlm mesh 
nets were used on MOCNESS and 333 Jlm mesh nets were used on 
BIONESS. 
(2) The catch differential was substantially reduced when both nets were 
equipped with 333 Jlm mesh nets. 
(3) There was evidence for higher avoidance of MOCNESS by larger 
individuals of fish, shrimp, and krill than BIONESS. 
(4) Inspite of this avoidance bias, MOCNESS caught more total biomass 
than BIONESS because the smaller organisms making up the size 
fractionated biomass dominated the total biomass. 
These results were to some extent anticipated. MOCNESS was towed at 1.5 to 2.5 
knots while BIONESS generally was towed between 3 and 4 knots. The faster 
towing speed was expected to reduce the avoidance bias for larger animals and· 
the results support this expectation. With faster towing speeds, however, there 
is increased filtration pressure on the meshes and increased extrusion 
(escapement) of the smaller animals through the meshes. This latter effect 
would be expected to be more severe with the BIONESS than MOCNESS. The 
higher catch rate of the smaller animals by MOCNESS supports this contention. 
1 0  
W O R K S H O P  S E M I N A R  
A  s e r i e s  o f  t a l k s  c o n c e r n i n g  t h e  v a r i o u s  a s p e c t s  o f  s a m p l i n g  a n d  d e t e r m i n a t i o n  
o f  d i s t r i b u t i o n  a n d  b i o m a s s  w i t h  e m p h a h s i s  o n  n e w  t e c h n o l o g i e s  a n d  t h e i r  
i m p a c t  o n  m e a s u r e m e n t  o f  z o o p l a n k t o n  w e r e  p r e s e n t e d  o n  t h e  l a s t  t w o  d a y s  o f  
t h e  w o r k s h o p  a t  s e a .  A  s e p a r a t e  d o c u m e n t  s u m m a r i z i n g  t h e s e  p r e s e n t a t i o n s  i s  
b e i n g  p r e p a r e d  a s  a n  i n p u t  t o  t h e  w o r k  o f  t h e  S t u d y  g r o u p  o n  z o o p l a n k t o n  
p r o d u c t i o n .  A n  o u t l i n e  o f  t h e  t a l k s  a n d  t h e  p r e s e n t e r s  i s  g i v e n  h e r e .  
1 2  J u n e  1 9 9 3  
0 8 3 0 :  W o r k s h o p  a t  S e a  S u m m a r y  o f  a c t i v i t i e s  i n  S t o r f j o r d e n  ( H . R .  S k j o l d a l )  
* G e n e r a l  
* D a t a  
* R e p o r t i n g  
1 0 4 5 :  O p t i c s  ( U .  K i l s )  
O P C  ( W i e l a n d ,  S a m e o t o ,  H a y )  
1 2 0 0 :  U n d e r w a t e r  v i d e o  p r o f i l e r  ( G o r s k y )  
1 3 0 0 :  P l a n k t o n  a n d  h e r r i n g  s t u d i e s  u s i n g  o p t i c s  ( K i l s )  
1 3 4 5 :  G u l f  m  I m a g i n g  s y s t e m  ( W i e l a n d )  
1 4 0 0 :  D i s c u s s i o n  
1 4 3 0 :  B i o m a s s  M e a s u r e m e n t  E r r o r s  ( P o s t e l )  
1 5 3 0 :  N e t  S a m p l i n g  S y s t e m s  ( S a m e o t o )  
2 0 0 0 :  V i d e o  d o c u m e n t a r i e s  o n  z o o p l a n k t o n  s a m p l i n g  p r e s e n t e d  b y  S .  H a y  
1 3  J u n e  1 9 9 3  
0 9 1 5 :  A c o u s t i c s  ( W i e b e ,  S a m e o t o ,  K o r n e l i u s s e n )  
1 3 0 0 :  G e n e r a l  d i s c u s s i o n  
S t r e n g t h s  a n d  l i m i t a t i o n s  o f  g e a r  a n d  t e c h n i q u e s  
I m p r o v e m e n t s  
S t a n d a r d i z a t i o n  
F U R T H E R  P L A N S  
A  f u l l  i n t e r c o m p a r i s o n  o f  t h e  n e t  s a m p l i n g  s y s t e m s  w i l l  b e  p e r f o r m e d  b a s e d  o n  
t h e  d r y  w e i g h t  b i o m a s s  d a t a .  A  l i m i t e d  n u m b e r  o f  p l a n k t o n  s a m p l e s  w i l l  b e  
a n a l y s e d  f o r  s p e c i e s  c o m p o s i t i o n  a n d  n u m e r i c a l  a b u n d a n c e .  T h i s  w i l l  b e  d o n e  
p a r t i c u l a r l y  f o r  t h e  i n t e r c o m p a r i s o n s  o f  M O C N E S S  a n d  B I O N E S S  a g a i n s t  t h e  
L H P R .  S a m p l e  p r o c e s s i n g  f o r  s p e c i e s  i d e n t i f i c a t i o n  w i l l  a l s o  b e  d o n e  t o  c h e c k  
t r e n d s  o r  i n t e r p r e t a t i o n s  d e r i v e d  f r o m  t h e  b i o m a s s  i n t e r c o m p a r i s o n s .  
T h e  a c o u s t i c a l  d a t a  w i l l  b e  r e p r o c e s s e d  a n d  t h e  s e t  o f  r e c o r d i n g s  o f  v o l u m e  
b a c k s c a t t e r i n g  w i l l  b e  e x p l o r e d  a n d  c o m p a r e d  a c r o s s  t h e  f o u r  f r e q u e n c i e s  a n d  
a g a i n s t  t h e  b i o m a s s  s a m p l e d  b y  t h e  n e t  s y s t e m s .  
1 1  
I t  i s  t h e  a i m  t o  h a v e  a  d r a f t  r e p o r t  o f  t h e  r e s u l t s  p r e p a r e d  f o r  d i s c u s s i o n  a n d  
f i n a l i z a t i o n  i n  t h e  n e x t  m e e t i n g  o f  t h e  S t u d y  G r o u p  o n  Z o o p l a n k t o n  P r o d u c t i o n  
i n  e a r l y  s p r i n g  1 9 9 4 .  T h e  r e p o r t  c o u l d  b e  p u b l i s h e d  i n  t h e  I C E S  C o o p e r a t i v e  
R e s e a r c h  S e r i e s ,  w i t h  a  s u m m a r y  o f  m a i n  r e s u l t s  a n d  c o n c l u s i o n s  p u b l i s h e d  i n  
a n  i n t e r n a t i o n a l  j o u r n a l .  
A C K N O W L E D G E M E N T S  
W e  t h a n k  a l l  t h e  p a r t i c i p a n t s  t o  t h e  w o r k s h o p  a n d  t h e  s e m i n a r  f o r  t h e i r  
d e d i c a t e d  e f f o r t .  T h e  s u p p o r t  f r o m  t h e  I n s t i t u t e  o f  M a r i n e  R e s e a r c h  i n  B e r g e n  
a n d  t h e  I n s t i t u t e  f o r  B a l t i c  S e a  R e s e a r c h  i n  W a r n e m i i n d e  i n  p r o v i d i n g  s h i p t i m e  
i s  g r e a t f u l l y  a c k n o w l e d g e d .  W e  a l s o  l i k e  t o  a c k n o w l e d g e  t h e  s u p p o r t  o f  E a s t e r n  
M a r i n e  i n  C a n a d a  w h o  s u p p l i e d  t h e  B I O N E S S  f o r  t h e  w o r k s h o p .  
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Table 1. List of participants to the Sea-going workshop of the ICES Study Group 
of Zooplankton Production. 
CANADA 
Doug Sameoto (4-13 June) 
Dan Wellwood 
FRANCE 
Gabriel Gorsky (11-12 June) 
GERMANY 
Lutz Postel 
Kai Wieland 
Uwe Kiels 
6 technicians 
ICELAND 
Olafur Astthorsson 
Asthor Gislason 
JonJoll$0n 
NORWAY 
Herman Bjerke 
TorKnutsen 
Stein Kaartvedt 
Hein Rune Skjoldal 
Per Bratland 
Karsten Hansen 
Kaare Hansen 
Arvid Romslo 
Egil 0vretveit 
Trygve Gytre (2-8 June) 
John Dalen (2-8 June) 
John W. Valdemarsen (2-4 June) 
Gunnar Pedersen (4-7 June) 
Sven Ove Linde (9-13 June) 
Rolf Korneliussen (11-13 June) 
Rolf Nielsen (6-8 June) 
Trevor Ward (4-6 June) 
SPAIN 
Irene Montero 
UNITED KINGDOM 
USA 
Steeve Coombs (8-13 June) 
John Nichols (8-13 June) 
Steve Hay (8-13 June) 
Graeme Hays (8-13 June) 
Peter Wiebe 
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Fig. 1. Map of Storfjorden at Mere showing the main 5 nautical mile sampling 
transect (hatched area). Numbers represent depths in meters. 
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Fig. 2. Vertical profiles of in situ fluorescence, sigma-t water density, and 
downwelling irradiance at 410 and 665 nm wavelengths. 
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Fig. 3. Acoustical recordings along the main sampling transect obtained with 38 (upper) and 120kHz (lower) Simrad EKSOO splitbeam ecchosounder. 
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F i g .  4 .  V e r t i c a l  d i s t r i b u t i o n  i n  t h e  u p p e r  1 0 0  m  o f  d r y  w e i g h t  b i o m a s s  o b t a i n e d  
w i t h  1 - m 3  M O C N E S S  e q u i p p e d  w i t h  1 8 0  J . t m  m e s h  n e t s .  M e a n s  a n d  S D  f o r  6  
s u b s e q u e n t  h a u l s  t a k e n  d u r i n g  d a y  t i m e  a r e  s h o w n  f o r  t o t a l  b i o m a s s  a n d  t h e  
s i z e  f r a c t i o n s <  1  m m ,  1 - 2  m m ,  a n d >  2  m m .  
4  
